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D scription 

This invention relates to a protective fabric suit- 
able for use as a heat and flame barri r. More partic- 
ularly, the fabric may be used as a decorative fire- 
resistant fabric or used to prevent the combustion of 
flammable materials by placing the fabric between 
the heat source and any flammable material. 

Various types of protective fabrics have been de- 
v loped for use in applications in which fabric covered 
articles (e.g., upholstered articles or office panels) 
must be capable of withstanding exposure to heat 
and/or flame without combustion. For example, in up- 
holstered aircraft seating, a heat resistant protective 
barrier fabric is typically provided between the outer 
upholstery fabric and the underlying flammable foam 
cushion to retard or prevent combustion of the cush- 
ion in the event of fire. Note, for example, Parker et 
al U.S. Patent No. 4,463,465 which discloses a barrier 
fabric which comprises an aramid fabric substrate 
and an outer aluminum foil layer. The use of an alu- 
minum foil layer, however, has several drawbacks, 
namely the fabric has limited breathability and the 
cushioning aspects of the upholstered article are re- 
duced. 

Another technique for producing a fire-resistant 
fabric is to coat the fabric with a fire-resistant com- 
pound. Exemplary compounds include those based 
on an inorganic hydrated compound such as hydrated 
alumina, hydrated magnesia, magnesium oxychlor- 
ide, hydrated zinc borate and hydrated calcium bor- 
at . Coatings of this type, however, leave spaces be- 
tween the fibers of the fabric. These spaces or inter- 
stices potentially allow hot gases and/or flames to 
penetrate therethrough and ignite the underlying 
flammable material. 

The introduction of EP-A-0307290 discloses a 
fire-resistant laminate comprising an underlying flam- 
mable layer of, for example, polyurethane foam and 
a flame barrier formed of a flame durable lining or 
loose cover. 

Intumescent compounds are also used to pro- 
duce a fire-resistant fabric. For example, Dias US Pa- 
tent No. 4,216,261 discloses a method of applying an 
intumescent coating comprising an ammonium phos- 
phate catalyst, a carbonific and a blowing agent In- 
tumescent coatings, however, require an extra step in 
the manufacture of the fabric thus the application 
thereof is time-consuming and expensive. 

US-A-3729920 discloses a core yarn suitabl for 
making fabrics for use in making non-inflammable 
garments having a flame resistant glass core and a 
sheath of flame resistant fiber such as certain mod- 
acrylic fibers. 

Summary Of The Invention 

The present invention provides a fire-resistant 



fabric which is resistant to high temperature fires, it 
lightweight and breathable and is highly conformable 
and flexible. The fabric indudes a textile fabric sub- 
strate formed of corespun yarns, the yarns compris- 

5 ing a core of a flame resistant fibers and a sheath of 
modacrytic intumescent staple fibers which swell and 
form a char on exposure to flame. The use of such 
yarns eliminates the necessity of coating the fabric or 
of adding a flame barrier metal layer. The fabric may 

10 be used either as an exterior fabric or as an underly- 
ing barrier fabric in various applications where heat 
and flame protective properties are required. 
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Brief Description Of The Drawings 



Some of the features and advantages of the in- 
vention having been stated, others will appear as the 
description proceeds, when considered in conjunc- 
tion with the accompanying drawings in which: 
20 Figure 1 is a greatly enlarged view of a fragment 
of the corespun yarn of the present invention with a 
portion of the sheath being removed at one end 
thereof. 

Figure 2 is an enlarged isometric view of a portion 
25 of a woven fire-resistant fabric. 

Figure 3 is an enlarged isometric view of a portion 
of a flame resistant laminate which includes a woven 
fire-resistant laminate which includes a woven fire- 
resistant fabric as shown in Figure 2, with the layers 
30 broken away to more dearly reveal the laminate con- 
struction. 

Detailed Description Of The Invention 

35 The present invention will be described more 
fully hereinafter with reference to the accompanying 
drawings, in which preferred embodiments of the in- 
vention are shown. This invention can, however, be 
embodied in many different forms and should not be 

40 construed as limited to the embodiment set forth 
herein. 

Referring to Figure 1, the fabrics of the present 
invention are formed from corespun yarns 10 com- 
prising a core 11 of fire-resistant fibers and sheath 12 

45 of modacrylic intumescent fibers. Exemplary fire- 
resistant core fibers may indude fibers of glass, poly- 
benzimidazoies, polyimides, various metals, quartz, 
ceramics, polyetherketones, polyetheretherketones, 
polyetherketoneketones, polyetheretherketoneke- 

50 tones, polyetherimides, pdysulfones, polyarylates, 
polyaryletherketones, polyamide-imides, polyaryl- 
sulfon s, poly th rsulfones, polyketones, polyphe- 
ny! ne sulfides, polyaramids such as Kevlar® or No- 
mex®, and carbon and carbon izable compounds and 

55 blends thereof. Additionally, the core fibers may be 
formed from corespun yarns and may indude fire- 
r sistantstapl fibers as the sheath. Th se core fib- 
ers typically have a diameter of from about 5 to 6 jim. 
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The modacryiic intumescent staple fibers have a di- 
ameter of about 1.3 denier and ar characterized by 
being a long chain synthetic polymer containing 35- 
85% acrylonitrile units. An exemplary modacryiic in- 
tumescent fiber is SEF® fiber manufactured by Mon- s 
santo Corporation of SL Louis, Missouri. Additionally, 
the modacryiic fibers may be blended or commingled 
with small amounts of fibers which form a char on ex- 
posure to flame such as wool, silk and cellulosics 
while maintaining the intumescent properties of the 10 
modacryiic fibers. 

The yarns of these fabrics are of corespun con- 
struction and are formed by suitable apparatus such 
as ring spinning, DREF® spinning or preferably using 
a Murataairjet spinning apparatus. Air jet spun yarn, 15 
the production of which is described for example in 
co-p nding, European Patent Application 
No.893091 68.6 filed on 8th September, 1 989, is char- 
acterized by having the majority of its fibers extend- 
ing parallel to the yarn axis, with the ends of some of 20 
th modacryiic fibers intermittently extending out of 
the fiber bundle and wrapped or twisted around the 
other fibers to bind the whole together. Ring spun 
yarn is generally characterized by having its fibers ar- 
ranged substantially uniformly in a helical arrange- 25 
ment, and the fibers are held in this arrangement by 
the twist of the yarn. If DREF® spinning is utilized, 
such as described in Fehrer U.S. Patent Nos. 
4,249.368 and 4,327,545, the core may be of multi- 
fiber construction with minor amounts of fibers which 30 
improve the mechanical characteristics of the yarn 
such as nylon, PET, cotton and cellulosics while not 
adversely affecting the flame durability of the major- 
ity of fire-resistant fibers described above. 

The corespun yarns may be formed into a textile 35 
fabric substrate using any of the various fabric con- 
structions, such as fabrics of woven, non-woven, 
knitt d including warp and circular knits, braided, 
warp lay and scrim reinforced web construction. Re- 
ferring to Figure 2, a particular textile fabric substrate 40 
having a woven construction is illustrated. The wov- 
en textile fabric substrate 20 is formed by warp yarns 
21 interengaged with weft yarns 23 at spaced inter- 
vals and is woven by conventional techniques. Such 
a woven fabric typically comprises 20/1 to 10/1 cotton 45 
count yarns for pillow and mattress ticking and 1/1 to 
10/1 cotton count yarns for decorative upholstery. 

In general, the fire-resistant fabric is useful both 
as a flame barrier and as a decorative fabric. In ev- 
eryday use, the fabrics of the present invention are so 
lightweight and flexible because of the absence of a 
metal foil layer or a coating lay r, and thus can easily 
be conform d to the shape of the article. Additionally, 
the fabrics are breathable becaus of their porosity. 
Th porosity and br athabiiityofa fabric is expr ssed 55 
in terms of th "air permeability" of the fabric. Air per- 
meability is measured in accordance with ASTM 
Standard Test Method D737 for Air Permeability of 



Textile Fabrics. The rate of flow through a known area 
of fabric is adjusted to secure a prescribed pressure 
differential between the two surface of the fabric in 
the test area and from this rate of flow the air perme- 
ability of fabric is determined. Thus, using a 4 mm cal- 
ibration orifice to which air is blown at a rate of about 
3.6 cubic feet per minute, the woven fabric of the 
present invention has an air permeability of about 10 
to 300 cubic feet per minute. 

In particular, the air permeability of the barrier 
fabric assures good air circulation for comfort The ah* 
permeability of the barrier fabric is also particularly 
important when the barrier is used with cushioned 
upholstered articles used for seating. Because of the 
air permeability of the flame barrier fabric, air is free 
to escape from the cushion when it is compressed. 
Thus, the fabric avoids the hard and uncomfortable 
"balloon" effect that is characteristic of most prior art 
air impermeable flame barrier fabrics. 

However, on exposure to flame, the modacryiic 
intumescent fibers of the fabric swell and char. As a 
result of the swelling, the pores or interstices be- 
tween the yarns are closed. The char is substantially 
incombustible and has cellular characteristics. The 
char thus acts as a flame barrier and limits the pen- 
etration of flames and hot gases through the fabric to 
ignite the underlying flammable material. The core 
fibers of the corespun yarns also contribute to the 
flame resistant properties of the fabric in that they re- 
main intact on exposure to a flame and provide a lat- 
tice or support for the modacryiic intumescent sheath 
fibers. Additionally, if a corespun fiber is used, the 
core itself may provide flame barrier properties. 

Barrier fabrics of the present invention are par- 
ticularly suitable as flame barriers for upholstered ar- 
ticles since the flame barrier fabric can easily be con- 
formed to the shape of the article. For example, as 
shown in Figure 3, it is particularly effective as a bar- 
rier in an upholstered article wherein the fabric 20 is 
placed between a underlying flammable layer 30 
such as polyurethane foam and an upholstery layer 
40 preferably using an adhesive layer 45 such as a la- 
tex anti-slide adhesive. Additionally, the fabrics may 
be used as flame resistant textile articles such as 
mattress and pillow ticking mattress and pillow cov- 
ers, draperies, zipper tape, tents, awnings, field fire 
shelters, sleeping bag covers, marine covers, tarpau- 
lins, protective apparel and the like. 



Claims 

1. A fire-resistant laminate comprising an underly- 
ing flammable layer (30), a flame barrier fabric 
(20) ov riying said underlying flammable layer 
(30), characterised in that said flam barrier fab- 
ric (20) comprises an air permeable flame dur- 
able textile fabric substrate formed of corespun 
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yarns (10), said yarns (10) comprising a core (11) 
of a flame resistant fiber and a sheath (12) of 
modacrytic intumescent staple fibers which swell 
and form a char on exposure to flame, the swel- 
ling dosing the pores or interstices between the 
yarns and the char thus acting as a flame barrier 
to limit the penetration of hot gases and flames 
through the fabric to ignite the underlying fabric 
layer, the core fibers providing a lattice or sup- 
port for the char. 

2. A fire-resistant laminate according to daim 1 
wherein the textile fabric substrate is of woven, 
non-woven, knitted, braided, warp lay and scrim 
r inforced web construction. 

3. A fire-resistant laminate according to daim 1 
wherein the flame resistant fiber of the core (11) is 
s iected from the group consisting of glass, poly- 
benzi imidazole, pdyimides, various metals quartz, 
c ramies, polyether ketones, polyetheretherke- 
tones, polyetherketonesketones, pdyetherether- 
ketonesketones, polyetherimides, polysulfones, 
polyarylates, polyaryletherketones, polyamide- 
imides, polyarylsulfones, polyethersulfones, 
polyketones, polyphenylene sulfides, polyara- 
mids and carbon and carbonizable compounds 
and blends thereof. 

4. A fire-resistant laminate according to daim 3 
wherein the flame resistant fiber of the core (11) 
is a corespun fiber. 

5. A fire-resistant laminate according to daim 1 
wherein the modacrylic intumescent staple fib- 

rs are blended with a fiber selected from the 
group consisting of wool, silk and cellulosic fib- 
ers. 

6. A fire-resistant laminate according to daim 1 
wherein the underlying flammable layer (30) 
comprises a polyurethane foam. 



Patentanspruche 

1. Schwer entflammbares Laminat mit einer ent- 
flammbaren Unterschicht (30) und mit einem 
Flammschutzgewebe (20) auf der entflammba- 
ren Unterschicht (30), dadurch gekennz ich- 
n t, da& das Flammschutzgewebe (20) eine luf t- 
durchlassige, feu rbestandige textile Gewebe- 
tragerschicht aus Kernmantelfaden (10) auf- 
weist. da& die Kernmantelfaden (10) aus einem 
Kern (1 1 ) aus einer schwer entf lammbaren Faser 
und aus einem Mantel (12) aus sich aufblShen- 
den Modakryl-Stapelfasern bestehen, die unter 
Hitzeeinwirkung anschwellen und eine kunstli- 



che Verkohlungsschicht biiden, wobei das An- 
schwellen die Pot n oder Zwisch nraum zwi- 
schen den Faden schliefct und die kunstliche Ver- 
kohlungsschicht somit als Flammenbarriere 

5 wirkt. um das Durchdringen von heiSen Gasen 

und Flammen, welche die untere Gewebeschicht 
entzunden, durch das Gewebe zu begrenzen. 
und da& die Kernfaden eine Gitter- oder Trag- 
struktur fur die kunstliche Verkohlungsschicht 

10 bitden. 

2. Schwer entflammbares Laminat nach Anspruch 
1, bei dem die textile Gewebetragerschicht aus 
einer gewobenen, nicht-gewobenen, gestrickten, 

15 geflochtenen Kettenlagen- und Gewebeverstar- 
kungskonstruktion besteht. 

3. Schwer entflammbares Laminat nach Anspruch 
1, bei dem die schwer entflammbare Faser des 

20 Kerns (11) aus jener Stoffgruppe ausgewahlt ist, 
welche Glas, Polybenzimidazol, Polyimid, ver- 
schiedene Quartzmetalle, keramische Werkstof- 
fe, Polyetherketon. Polyetheretherketon. Polyet- 
herketonketon, Polyetheretherketonketon, Poly- 

25 etherimid, Polyethersulfon, Polyarylat, Polyaryl- 

etherketon, Polyamid-lmid, Polyarylsulfon, 
Polyethersulfon, Polyketon, Polyphenylen-Sul- 
fid ,polyaramid und Karbon und karbonisierbare 
Komponenten und Mischungen davon enthalt 

30 

4. Schwer entflammbares Laminat nach Anspruch 
3, bei dem die schwer entflammbare Faser des 
Kerns (11) eine Kernmantelfaser ist. 

35 5. Schwer entflammbares Laminat nach Anspruch 
1, bei dem die sich aufblahenden Modakryl- 
Stapelfasern mit einer Faser aus der Wolle, Seide 
und Cellulosefasern enthaltenden Gruppe ge- 
mischt ist. 

40 

6. Schwer entflammbares Laminat nach Anspruch 
1, bei dem die entflammbare Unterschicht (30) 
einen Polyurethanschaum enthalt. 

45 

Revendications 

1. Lamifie resistant au feu comprenant une couche 
sous-jacente inflammable (30), un tissu arr§te- 

50 flammes (20) situ£ au-dessus de ladite couche 
sous-jacente inflammable (30), caract6ris6 en ce 
que ledit tissu arr§te-flammes (20) comprend un 
substrat en textile resistant d la flamme et per- 
meable & I'air, form6 de f il6s a f il d'dme (10), les- 

55 dits fil6s (10) comprenant une 3me (11) en une 

fibre resistant d la flamme et un guipage (12) en 
fibres discontinues modacryliques intumescen- 
tes qui gonf lent et forment un produit de carboni- 
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sation lors de I'expos'rtion £ la flamme, le gonfle- 
ment fermant les pores ou interstices entre les fi- 
les et te produit de cartx>nisatlon agissant ainsi 
comme un arrete-flammes pour li miter la pene- 
tration de gaz chauds et de f lammes a travers le 5 
tissu pour enflammer la couche en tissu sous- 
jacente, les fibres de l'3me const ituant un reseau 
ou support pour le produit de carbonisation. 

2. Lamif ie resistant au feu selon la revendication 1 , 10 
dans lequel le substrat en textile a une structure 

de tissu renforcee tissee, non tissue, tricotee, 
tress6e, & commettage de la chame et en cane- 
vas. 

3. Lamif i6 resistant au feu selon la revendication 1 , 
dans lequel la fibre resistant k la flamme de l'3me 
(11) est choisie parmi le groupe constitu6 du 
verre, du polybenzimidazole, des polyimides, du 
quartz de divers metaux, des c6ramiques, des 20 
polyethercetones, des poly6therethercetones, 

des poly6therc6tonescetones f des polyethere- 
thercetonescetones, des polyetherimides, des 
polysulfones, des polyaryiates, des polyaryie- 
thercetones, des polyamide-imides, des polya- 25 
rylsulfones, des poly6thersulfones. des polyce- 
tones, des sulf ures de polyphenylfene, des polya- 
ramides et des composes de carbone et carboni- 
sables, et des melanges de ceux-ci. 

30 

4. Lamif ie resistant au feu selon la revendication 3, 
dans lequel la fibre resistant d la flamme de Fame 
(11) est une f ibre & f il d'ame. 

5. Lamif ie resistant au feu selon la revendication 1 , 35 
dans lequel les fibres discontinues modacryli- 
ques intumescentes sont m6lang6es avec une fi- 
bre choisie parmi le groupe constitue de la laine, 

de la soie, et des fibres cellulosiques. 

40 

6. Lamif ie resistant au feu selon la revendication 1 , 
dans lequel la couche sous-jacente inflammable 
(30) comprend une mousse de polyurethane. 
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